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A temperature dependent Raman scattering study in multiferroic single crystals RMn2O5 R=Bi, Eu,
and Dy was performed. The Raman spectra were measured in the range from 150 to 450 cm−1
involving mostly Mn–O–Mn bending vibrations, complementing our previous work in a higher
frequency range involving Mn–O stretching modes. A number of studied phonons present
anomalous frequency behavior below a characteristic temperature, T*60–65 K, such as that
found for the stretching modes. The sign and magnitude of such anomalous behavior appear to be
correlated with the ionic radius of R, being softening for R=Bi and hardening for R=Eu and Dy in
the range between TC /TN and T*. The anomalous phonon behaviors in both bending and stretching
modes are consistent with an interpretation in terms of the spin-phonon coupling in a scenario of
strong magnetic correlations. © 2007 American Institute of Physics. DOI: 10.1063/1.2712955
In multiferroics, antiferromagnetism and antiferro-
electricity coexist. The possible coupling among them may
allow the control of the electric polarization by an applica-
tion of an external magnetic field.1 An interesting example is
the RMn2O5 family R=rare earth, Y or Bi; space group
Pbam, which are isostructural insulators.2–4 Members of
this family undergo a ferroelectric transition at or slightly
below the antiferromagnetic AFM transition temperature of
the Mn ions, TN=39–45 K.4–9 This system is also character-
ized by other magnetic transitions at lower temperatures be-
tween distinct commensurate and uncommensurate Mn spin
structures.8–10 Each magnetic transition is, in general, fol-
lowed by a corresponding ferroelectric transition, clearly
signaling a coupling between magnetic and electric
properties.5,11 It was suggested that the lattice geometry
causes an inherent magnetic frustration in the system, which
is lifted by small shifts of the Mn3+ cations.8,9 This would
lead to a canted antiferroelectric phase that would be
strongly coupled to the magnetic structure, providing a hint
for the strong magnetoelectric coupling in this system. If this
scenario is correct, strong magnetic correlations are prone to
be found above TN.12 We note that the complex crystal struc-
ture and the presence of distinct magnetic ions Mn3+, Mn4+,
and, in some cases, R3+ require the use of microscopic ex-
perimental techniques for a detailed investigation of such
correlations. In the present article, we tried to scrutinize the
Mn–Mn spin correlations in the RMn2O5 R=Bi, Eu, and
Dy single crystals from low-frequency phonon Raman scat-
tering, complementing our previous work on the behavior of
high-frequency phonons.13
The experimental details and a more detailed description
of the Raman spectra of the studied compounds were de-
scribed elsewhere.13 The analysis here is focused on the low-
frequency phonons 150 cm−1450 cm−1, in which an
anomalous behavior was detected for all studied crystals.
Figure 1a shows a selected portion of the Raman spectra of
BiMn2O5 for different T in a selected frequency range
160 cm−1230 cm−1. The behavior of the mode posi-
tions at 185 and 200 cm−1 is indicated by arrows as a guide
for the eyes. In addition, Figs. 1b and 1c show the T
dependence of other phonon frequencies at 300 and
323 cm−1 for BiMn2O5. All these modes show conventional
hardening down to T*60 K. Below T*, a clear change in
behavior is observed, with a softening upon cooling.
Figure 2a shows the T dependence of the position of
the most intense low-frequency Raman mode at 215 cm−1 for
R=Eu. Below T*, the mode shows an anomalous hardening
in contrast to R=Bi Fig. 1. We emphasize that the harden-
ing below TN does not appear to be a conventional phenom-
enon in this case, since lattice contraction due to anharmonicaElectronic mail: agarcia@ifi.unicamp.br
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effects is not expected to be significant in this T range
Debye temperature 235 K.6 It is worth noting that the
anomalous behaviors below T* for R=Bi and R=Eu are dif-
ferent in sign, but similar in magnitude. The T dependence of
the most pronounced low-frequency mode at 215 cm−1
for R=Dy is shown in Fig. 2b. Here we observe the exis-
tence of two characteristic temperatures, T*65 K and
TC=39 K, showing a steep hardening upon cooling be-
tween T* and TC, and a softening below TC. The latter
phenomenon may be a consequence of the Mn ionic dis-
placements and/or lattice anomalies that occur at the ferro-
electric transition temperature, TC,
8,10
associated with the
loss of inversion symmetry in the lattice.
It is relevant to mention that the behavior of the low-
frequency phonons is not necessarily identical to the high-
frequency ones, since the former involves oxygen vibrations
modulating the Mn–O–Mn angles. In contrast, the high-
frequency phonons are stretching vibrations modulating the
Mn–O bond length. For instance, the low-frequency phonons
of BiMn2O5 reported here soften below TC, contrary to their
higher-frequency phonons previously reported.13 A detailed
discussion of such differences is difficult, since neither the
static atomic displacements associated with the ferroelectric
state nor the detailed normal modes of vibrations of this
complicated structure are presently known.
The phonon anomalies described above are clearly ob-
served below T*60–65 K from all studied crystals, i.e., at
T where no lattice anomaly or electronic phase transition has
been reported. In addition, the anomalous feature between TN
and cw on the magnetic susceptibility curve for BiMn2O5
see Ref. 13 suggests that the phonon shifts may be related
to magnetism. A possible explanation of these observed
anomalies at T* appears to be due to spin-phonon
coupling.13–15 Here, the magnetic order and/or correlations
may couple to the phonon frequencies through a modulation
of the superexchange integral associated with a modulation
of the Mn-O-Mn bonding angle, while, in our previous work,
such exchange integral was modulated by Mn-O stretching
vibrations.15 According to the spin-phonon mechanism, the
phonon frequency shift caused by this coupling is propor-
tional to the spin pair correlation function = Si ·S j and to
the second derivative of the exchange integral with respect to
the normal coordinate of the phonon, =2Jij /x2.14–16 The
first term depends directly on the T-dependent magnetic
FIG. 1. a Selected portion of the Raman spectra of BiMn2O5 for various
temperatures between 18 and 290 K. The mode positions are indicated by
arrows as a guide for the eyes. b and c T dependence of the phonon
mode at 300 and 323 cm−1. The vertical solid line represents the antiferro-
magnetic transition temperature TN, while the vertical dashed line indicates
T*, the temperature below which anomalous phonon behavior is observed.
FIG. 2. a and b Variation with temperature of the position of the most
pronounced Raman modes in EuMn2O5 and DyMn2O5. The vertical dashed
line marks T*, while the solid vertical lines represent the reported antiferro-
magnetic and ferroelectric ordering temperatures, TN and TC, respectively.
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structure correlations, while the second term may vary
strongly with structural parameters such as the Mn-O-Mn
superexchange angle and it is generally assumed to be T
independent. If anharmonic and/or structural contributions
may be ignored or subtracted, the T dependence of a relevant
phonon frequency is a direct estimate of .
In conventional magnetic systems  is negligible in the
paramagnetic phase, in constrat to magnetically frustrated
ones. It can be understood as a manifestation of the presence
of a highly correlated paramagnetic state typically formed
above TN.12 From our results, we suggest a scenario of strong
magnetic correlations at T significantly above TN, in agree-
ment with the hypothesis of inherent magnetic frustration
caused by the lattice geometry in this family.8,9 In this sce-
nario, we expect that some or all phonon frequencies un-
dergo a deviation hardening or softening in the paramag-
netic phase. It means that, for instance, if  is negative for
any phonon mode, this mode contributes to establish the
magnetic coupling. Thus, the average potential energy and,
consequently, the kinetic energy of the mode will be reduced.
Therefore, the phonon mode will soften in the paramagnetic
phase region, where the presence of strong magnetic corre-
lations is expected.
An interesting feature of our results is the dependence of
the phonon anomalies with the R ion in the temperature
range of TC /TNTT* of the paramagnetic phase. While
softenings are clearly observed for R=Bi see Fig. 1,
anomalous hardenings are found for R=Eu and R=Dy see
Fig. 2. Based on the spin-phonon interpretation, the differ-
ent signs of the Raman shifts below T* could be due to the
change in sign of Si ·S j, at least for some Mn pairs. Thus,
the paramagnetic correlations may be sensitive to the par-
ticular R ion. Moreover, it is observed here that the Raman
spectra do not show any phonon anomaly in the range be-
tween T* and cw for all studied crystals. A detailed discus-
sion about this point was reported in Ref. 13.
In summary, we further evidence the existence of the
characteristic temperature T* for magnetic correlations by a
detailed study of the behavior of low-frequency vibrations in
the multiferroic series RMn2O5 R=Bi, Eu, and Dy. All
studied low-frequency phonon modes present anomalous be-
havior below T*, such as softening or hardening, suggesting
that these phonon modes are coupled with the spin degrees
of freedom in the paramagnetic phase, since no lattice
anomaly or electronic phase transition has been reported at
T*. The sign and magnitude of the phonon shifts in the para-
magnetic phase are different for each R ion, confirming an
evolution of the paramagnetic correlations with R. Such ob-
servations, together with the large frustration ratio
cw /TN=6.3 obtained for R=Bi,13 support the magnetic
frustration in this system, presumably caused by its complex
lattice geometry.
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